Introduction
============

The single-radius design of the knee implant has a long patellofemoral moment arm and provides consistent joint stability and articulation through a range of motion. It has recently been suggested as ideal for restoring normal knee kinematics based on some studies that emphasize the importance of the horizontal transepicondylar axis[@B1],[@B2]. The moment arm of the multi-radius prosthesis is shorter than that of the single-radius prosthesis, which causes weakening of extension function[@B3]. In contrast, the single-radius prosthesis is designed to have an extended quadriceps moment arm. The extension mechanism has a significant influence on the stability of the knee joint, gait pattern, and speed, and the increase of the lever of extension mechanism has been reported to reduce the tightness of the quadriceps muscle and patellofemoral compressive forces[@B4],[@B5].

The Scorpio cruciate-retaining (CR) total knee prosthesis (Stryker Orthopaedics, Mahwah, NJ, USA) improves the horizontal axis during flexion-extension of the extension mechanism as a single-radius prosthesis immobilized to the posterior femoral condylar axis. Good clinical outcomes of total knee arthroplasty (TKA) using the Scorpio posterior stabilized (PS) total knee prosthesis (Stryker Orthopaedics) have been reported[@B6]-[@B8]. However, reports on the use of the Scorpio CR total knee prosthesis are rare.

The aim of this study was to evaluate the radiological and clinical outcomes of TKA using the single-radius Scorpio CR prosthesis.

Materials and Methods
=====================

1. Study Subjects
-----------------

TKA using the Scorpio CR prosthesis was performed in 128 patients (156 knees) by one senior surgeon (CHC) from August 2000 to November 2004. Excluding 46 patients who were unable to be followed up (unable to contact, 21 patients; moved to other cities, 22 patients; died of medical causes, three patients), 82 patients (102 knees) were enrolled in this study ([Fig. 1](#F1){ref-type="fig"}). The average follow-up period was 73.8 months (range, 60 to 91 months). Among the 46 excluded patients, 13 were male and 69 were female. The average age at the time of surgery was 63.8 years (range, 59 to 79 years). The surgery was performed on the left side in 25 patients and right side in 37 patients, and bilateral in 20 patients. The preoperative diagnosis was degenerative arthritis in 93 knees, rheumatoid arthritis in 6 knees, and traumatic arthritis in 3 knees. Patients with a varus and valgus deformity of more than 15° and patients with a flexion contracture of more than 30° were excluded. The patella was resurfaced in 63 knees and retained in 39 knees.

2. Surgical Methods
-------------------

A medial parapatellar approach was used and the Scorpio CR knee prosthesis was implanted in all patients. Bone cutting of the femur was performed using an intramedullary guide at seven degrees valgus and at three degrees of external rotation relative to the posterior condylar axis. Tibial osteotomy was performed using an extramedullary guide with the posterior slope set at five degrees. To retain the posterior cruciate ligament, an osteotomy was performed horizontally up to the posterior cruciate ligament, and subsequently, bones around the posterior cruciate ligament were removed using a rongeur. The balance between the medial and lateral ligaments was examined by inserting an experimental prosthesis. During flexion, if the front of the tibia was lifted and the tibial tray was protruded, the posterior cruciate ligament was considered excessively tense, and accordingly posterior cruciate ligament recession was carefully performed in the tibia area. Patella resurfacing was performed in 63 knees where more than grade III Outerbridge cartilage damage and severe pain were present in the anterior knee prior to surgery[@B9]. Patellar alignment was measured with the no thumb technique[@B10]. A lateral retinacular release was not performed in all knees. Bone cement (Surgical Simplex P; Stryker Orthopaedics) was used for fixation of the femoral, tibial, and patellar prostheses in all knees.

3. Clinical and Radiological Analysis
-------------------------------------

Clinical evaluation was performed using the knee score and functional score of the American Knee Society[@B11]. The knee score was based on the assessment of pain, joint stability, joint movement range, flexion deformity, articular deformity angle, etc. The functional score was evaluated based on walking and the ability to climb stairways. The extension mechanism of the knee was assessed by asking the patient to stand up from a chair with arms folded across the chest.

Preoperatively, postoperatively and at last follow-up, radiological assessments were performed using standard weight-bearing anteroposterior or long-leg radiographs, supine lateral radiographs, and tangential radiographs of the patella according to the evaluation system of the American Knee Society[@B12]. The change in the femorotibial angle was measured. With regard to the location of the femoral prosthesis, the valgus angle of the femoral prosthesis (α) and the varus angle of tibial prosthesis (β) were measured on the anteroposterior radiographs of the knee. The flexion angle of the femoral prosthesis (γ) was measured on lateral radiographs. To assess the loosening of the knee prosthesis, the tibia was divided to seven areas on the anteroposterior radiographs. The femur was divided to seven areas on the lateral radiographs. Prosthetic loosening was defined as a radiolucency of more than 2 mm. A value lower than 4 points was considered insignificant, 5-9 points was considered as the presence of a lesion with a potential for progression and higher than 10 points as high possibility to fail even in asymptomatic cases.

We used the Kaplan and Meier[@B13] analysis to investigate the survivorship of each implant and the end point was defined as failure with revision for aseptic loosening or instability. For the comparative analysis of statistical association, a paired t-test was performed using the SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA), and the significance level was set at p\<0.05.

Results
=======

1. Clinical Results
-------------------

On the evaluation of the range of motion of the knee, the average flexion contracture was 14.7° (range, 8° to 30°) prior to surgery, and 3.2° (range, 0° to 5°) at the last follow-up. The average maximal flexion was 100.2° (range, 90° to 115°) prior to surgery and 121.7° (range, 110° to 130°) at the last follow-up, showing significant improvement (p\<0.001). The average knee score was 59.2 points prior to surgery and 92.9 points at the last follow-up. The average functional score was improved from 51.9 points prior to surgery to 85.4 points at the last follow-up (p\<0.003) ([Table 1](#T1){ref-type="table"}). On the chair-rise test, 72 knees of the patients (70.5%) were able to rise from a chair without help. Postoperative pain was noted in three of the 63 knees (4.7%) in the patellar resurfacing group, two of which had a large femoral component. One in 39 knees (2.6%) in the unresurfaced group developed similar anterior knee pain. There was no case of patellofemoral instability or patellofemoral related stiffness.

2. Radiological Results
-----------------------

The average varus-valgus deformity of femur and tibia that was 9.8° varus prior to surgery was improved to 4.7° valgus after surgery (p\<0.002) ([Table 1](#T1){ref-type="table"}).

In regard to the results of radiological evaluation, the average postoperative α angle, β angle, and γ angle were measured as 94°, 91.1°, and 88.8o, respectively. Radiolucency was shown in four knees: in the femoral zone I in one knee; in the femoral zone IV in two knees; and in the tibial zone I in one knee. All were confirmed to be non-progressive lesions smaller than 2 mm.

3. Complications
----------------

In one knee, infection occurred three weeks after surgery, but it resolved without sequelae after debridement. Deep space infection developed in another knee eight months after surgery, and revision arthroplasty was performed using two-stage techniques. Periprosthetic fractures were observed in three knees (2.9%): it occurred in the proximal tibia during surgery, and thus fixated by using screws in one knee; it occurred in the distal femur at 14 months after surgery, and thus surgery was performed using a retrograde intramedullary nail in another knee; a patellar fracture and extensive osteolysis around the prosthesis of the knee joint occured simultaneously 68 months after surgery, and thus reimplantation of the prosthesis, reduction for the patellar fracture, and internal fixation were performed in the other knee ([Fig. 2](#F2){ref-type="fig"}).

4. Survival Rate Analysis
-------------------------

Revision arthroplasty, defined as the endpoint of the analysis, was performed in one knee due to deep infection and in another knee due to a periprosthetic fracture and extensive osteolysis around the prosthesis. The survival rate at a maximum follow-up of 91 months was 98%.

Discussion
==========

Kolisek and Barnes[@B7] reported that the complication of total knee arthroplasties using the single-radius Scorpio PS total knee prosthesis was 4.9% in the follow-up of more than five years. In a study by Mahoney and Kinsey[@B8], the survival rate of the single-radius Scorpio PS knee prosthesis was 95.8% in the follow-up of 5 to 9.5 years. Abbas and Gunn[@B6] reported non-progressive radiolucency was observed in the tibial area in eight knees and in the femoral area in one knee during the average 70 months of follow-up after TKA using the single-radius Scorpio PS knee prosthesis. In their study, severe osteolysis was found in only one knee and for which revision arthroplasty was performed. In our study, infection occurred in 2 knees (1.9%) and a periprosthetic fracture in 3 knees (2.9%), demonstrating superior results to those in other studies. However, the single-radius Scorpio CR knee prosthesis was not different from other total knee prostheses in terms of clinical and radiological results.

The single-radius Scorpio knee prosthesis was designed to have the same diameter of the distal axis and the posterior axis on the sagittal plane, the rotation center during flexion-extension is located 10 mm more posterior than most conventional knee prostheses, and thus as the moment arm becomes longer, the tension of the femoral quadriceps muscle is reduced. It has been reported that reduction of the tension of the femoral quadriceps muscle reduces pain in the anterior knee, and thus it could improve clinical outcomes and decrease complications associated with erosion and loosening of the knee joint prosthesis[@B3],[@B8],[@B14]. Kolisek and Barnes[@B7] reported that the incidence of pain in the anterior knee was 3%-5% in knees with the Scorpio PS type. Abbas and Gunn[@B6] reported that in the more than five-year follow-up after knee arthroplasty using the Scorpio PS knee prosthesis, the overall outcome was more than satisfactory in 92.8% of the patients, but the chair-rise test performed to assess the extension mechanism showed patients who could stand up without any help were low as 58%. In our study, the average Harris hip score was 92.9 points and anterior knee pain was noted in 4 knees (3.9%) in the follow-up for a maximum of 91 months, which was not significantly different from other studies. In the chair-rise test, 72 in 102 knees (70.5%) of the patients could stand up without aid.

Greene and Schurman[@B15] suggested that the function of the femoral quadriceps muscle after TKA is associated not only with the selection of prosthesis but also with patient characteristics, surgical techniques and the provision of rehabilitation. On the other hand, single-radius prostheses require less force of the muscles of extension function, facilitating rapid recovery during rehabilitation[@B3],[@B14]. We also believe that it is difficult to improve the function of the femoral quadriceps muscle only with the use of a single-radius prosthesis. However, for Asians in whom sitting and standing up are often required for daily living activities, the increase in the moment arm of the femoral quadriceps muscle would result in rapid recovery of the extensor function. Moreover, the single-radius design reduces loading on the patellofemoral articular surface, contributing to improvement in anterior knee pain. In TKA, whether to retain the posterior cruciate ligament is still highly controversial[@B16],[@B17]. It has been reported that the early failure of PS knee prosthesis is abundant due to osteolysis caused by backside wear and tibial post wear[@B18],[@B19]. However, numerous investigators have reported that clinical and radiological results of total knee arthroplasties using the CR type and PS type prostheses are not greatly different[@B5],[@B20]-[@B22]. In cases of the CR type prosthesis, if the dynamics of the knee joint is disrupted due to excessive tightness or laxity of the posterior cruciate ligament, it may mediate adverse effects on knee function and the long-term follow-up results. In addition, it allows the femur to roll during flexion, improving the effect of the extension mechanism, and reduces shearing force of the tibial prosthesis and the tibial contact surface by distributing and transferring shearing force loaded onto the joint, resulting in reduced incidence of polyethylene wear[@B23]-[@B25]. Hall et al.[@B26] reported that retention of the posterior cruciate ligament is a more important mediating factor on the extension mechanism than the design of total knee prosthesis. Because of the improvement of the moment arm of the femoral quadriceps muscle of the single-radius prosthesis and the retention of the posterior cruciate ligament, enhanced improvement of the extension mechanism was noted and complications associated with the patellofemoral articular surface decreased, which led to increased patient satisfaction.

The limitation of this study is that no comparison was made between the single-radius TKA and the multiple radius TKA.

Conclusions
===========

TKA using the single-radius CR prosthesis increased the moment arm of the femoral quadriceps and thus improved the function of the muscle. The rate of osteolysis was low and patient satisfaction was high.
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![A 72-year-old female housekeeper underwent total knee arthroplasty (TKA) using a single-radius cruciate retaining knee prosthesis. (A) Preoperative radiograph. (B) At 97 months after TKA, femoral and tibial components did not show any radiolucency.](ksrr-25-174-g001){#F1}

![At 68 months after total knee arthroplasty (TKA), the patient visited our hospital for knee pain after a slip down. (A) The radiograph showed patellar fracture and extensive osteolysis around the prosthesis. (B) A revision TKA was performed using a femoral head allograft for the defect in the medial tibia and fixation was performed with cannulated screws and wiring on patella.](ksrr-25-174-g002){#F2}

###### 

Analysis of Clinical Results of Total Knee Arthroplasty

![](ksrr-25-174-i001)

Values are presented as mean±standard deviation.
